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(54)THle: FLUE-GAS TREATMENT SYSTEM 



(57) Abstract 

An activated carbon effective in treating flue gas can be produced by 
beat-treating a starting activated carbon (such as activated carbon fibers made 
from polyacrylonitrile or pitch) in a non-oxidizing atmosphere. The preferable 
heat treatment temperature for producing an activated carbon for flue gas 
desulfurization ranges from 600 to 1200 °C, while that for producing one for 
flue gas denitrification ranges from 600 to 1000 °C. The desulfurization using 
the activated carbon obtained by the heat treatment can lower the concentration 
of sulfur oxides in flue gas to 5 ppm or below. Further, the concentration of 
nitrogen oxides in flue gas can be lowered to 1 ppm or below by combining the 
denitrification using the above activated carbon with the conventional selective 
catalytic reduction. 



<a)&?k&&sr 

sot, oa 



SOi oxidation t)t«i 



V 



CO, CO2 



(b)i»*tta® 

SOt.Oi 

/ ■ 

SO* oxidation tito* SOi oxidation rites 



HiO 
I 



««} ... Hf Oi» MIU » muimm 
(b) ... tqrtrophoblo rcrttoa 



THIS PAGE BLAMK (uspto) 



(19)0#@#ffrf (J P) 



(45)«fr 0 ¥^14^ 4^ 8 0 (2002. 4. 8) 



(51)IntCl. 7 
B 0 1 J 21/18 
B 0 1 D 53/86 
53/94 



■www 

ZAB 



(B2) (U)ttVlHHi- 

#^3272366-^- 
(P3272366) 
(24)»» B ¥^14^ 1 £25 B (2002. 1. 25) 



F I 

B0 1J 21/18 
B 0 1 D 53/36 



ZAB A 
D 

1 0 2 F 



m$m<Dm5{± 19 w) 



(21>ffllS## 


#S¥9 -504310 


(73)#fF*f# 


999999999 










(86) (22)ffi^B 


8 ¥ 6 /! 27 0 (1996. 6. 27) 












999999999 




PCT/JP96/01772 








W09 7/0 1 3 8 8 




xvmttfcifiip&mwsfm 4 t b 1 s 2 


C87) SBS^BB B 


¥f£94p 1)1160 (1997. 1. 16) 








¥*£9¥93 2 0(1997.9.2) 


(72)f2HMf 




(31)ffi$te«£3§#^ 


ftSW- 162650 




mmmmmTm&mm 2 tb28#io^- 


(32)«5fc0 


¥^7^6^280(1995. 6.28) 


(72)5g?m 


ssst RBift 




0* (JP) 




JMWMWTWWWT 5 TS717# 1 ^ 


(31)«$fc*fce®#*§ 


f*&¥7 -268296 






(32)«£0 


7 mOR 17 0 (1995. 10. 17) 


(74) {^ffi A 


999999999 


(33)«jfc«£®@ 


0* (JP) 




#S± Alii fi5§H W2«) 


(31)ff3fct§±3R#^ 


*JrIS¥7 -272280 






(32)«Jfe0 


¥J* 7 ¥10)3 20 0(1995. 10.20) 






(33)«$fc$fc£j£g| 


0* (JP) 















(54) nno«»] »«x«HWA 



(57) [^rFig?f<ot£ia] 
mm* 



2 

mm* 



(2) 



ft&m 3272366f 



[!S*«9l «R*««3£«fe < SCR) K£ SIMMS© 



{HJ»Sraa»t. ^tf^cOiS^SMt:^ (NOx) SrBSfbU 

ffl i, vttitw©i^**s. 

[IfijRrgl 2] £#»rt:«> (NOx) &Wfiit»BMb» (SO 
x) -Sr^i-Sft^^*^**^ 1 ~ 3 ov^jv^lcffi 

(NOx) fcfflg&XttrtSMttfc UTHHlXi-Si: 
ftic, JbtaSEliSMt*9 (SOx) &ffi£l&Xtt*fe8&t&i: Ut 

^yAtJB^T. MWMB* (NOx) Sr«»Xti«SSI 

[Hl**l 5] Si!rT|Ul12XS±ffi*W3fBii$ro»#^a 
.^riWV'T, OtttSftfclft (SOx) £Gitg£Xt4!5iiBS 

(nox) SL^ieSE^e^fn#3 (sox) 

B&.T/ 7 l±J15§ * =fr * ISSH" 5 o 
BlC*tJ:5K. ^yl^aWW*- Wit&ffl 



8§3 &KBU #^xias^i3o o cgjt*-ciei^i- s <fc 

(Sox) &r^*ufcm< 
'JSgg 7 bW# * Sr****" Et^-USi" 5 <t o E L- 1 v ^ . 

ft*. ±^^B6T*#**»iOI«ft* (S0 
x) Bll* A'*'* 

U-Cfflv^-CiEBftftJBMk* (SOx) **KU 5*^ 

-&-C, tHpro«6JS»^« (SOx) «Bi£tf>teT&l2o.-t 



ilJif, ^^ft^^fWHESlKW (SOx) <O^Sl44 
00~800ppm-e*>9. ±»HR-5**»-C»i. 50~100p 

u *» u 4 * h . atWAiM a» e> * f » **• 

^ (SOx) (oaiatt-lSlcKKflEllttiStft-t-SBppmW 
T^t-^^-tSJ; 5**<bHT^5« ±ta^»5K- 
20 5«*?feX-(4. 50~100ppm«T 

tt5tft-cB. swat ±a«*»* s *-*tf< b * ,vC 

4><7.)^^t i fewl^*l ;1 * 3, ''' cf *- V 2 05 5rTi02lctaJtU 
tc»»-*-S»R««ajc* (SCR) fcJ:4KB!Si»2*: 

KrtJia«as300~40op-eib 

m.-K^N0x, y 5~40ppmcOW-<^-C-foS»t". 

.5. 

x) tt-fitr KSBSEIttSB pwn»T«fc» 

*i- -5 J: 5 * » & *VC v > 6„ ±E«*©»lR«ttiB7cfe 
(SCR) tJ:6ttaS*Hi-e». ilMI 5 ***^**^^. 

J0 *«Hf±. ±EBBHfc«*. JB«#ik*:«K 
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m-tz -tti< &#xtom&Mm&< ft e 
» fj * mm *s * t a & mm- s r t & @ m t -r -5 . 

0>"C*>* O £i\ HttBlttcBBLTTIB^-r. 
tfttttc, SO2, XfiNOx, 

*&s?flan** mwmfevmmm&mmzwfcikxz z 
as^f ic is d r sssasr s-^s^ts # , iismeo 

tt<Oiftvv|giii£ftoTv>6 0 ^(Dtctb, SO2 coK-fbffitt 

z.mitmn (so 2 ) ^tf^srttftfcs-arsxafrft 
60 
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20 l xi0" 3 -5 xl0" 3 g ■ m\n/mmmk1'tU$£\,\ 

UriH|iR1--5*ife, (b) KOH^SffitcKiK^-tir-cffti 
LriH]l|Xi-^^&, (c) Ca (OH) 2 , Mg (OH) 

(d) TV^~T7kfcij#i&£i±\ BEJ|s|. t LTIh] 

Uir^m^<o^U(omu^m\cj:^x^U^^^b'^ 

30 X'$Z> 0 . 

Stt« XMUfe ^ I f Kf b# US « * X v 600°C - 1 000°C 

mm$r. ^<Dm(D&\$te±m<n%>(DkWi cx&>& 0 

i^^J^mi^s^^&^c:^5v^r, sstRKAkaiTcffi (sc 

R) JcJ:SJft|iB«! f ?|<o«««Jc, mnfflfftMSESttM* 
«Wtc«kft-t--5Rfc, 150 c Ci^T<^{fi:raTT^si-r6r 

50 tK^T/^ y **«*^«»iR»*c*lt*>-&i^ttiBlfcJ!tt 
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»4ftV^, JWWUICtttfy !)bsH) A**Xtttf 

* -c is; a * t . ns£?65ctifefife & ft -t $ * s - 1 1>* v * 
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^©»ac*:ioo%£)i±cra. 
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UXH»fc«E* (SOa) ifc^-e, ^©^«fb* 

ft (SOa) fcfc^Xtt*^^^ fr**®**** 5 

)C$-&-c. «»x«ati«*t L-nanx-ra r tic* <o . 

^^^cftOgt^ltlbf!) (SOX) &i&i:-r5o 

iiHt©»ttK5M*»t?l±. -SHtfc* (NO) <^'Jft*tt 

fc. -SHU** (NO2) o»tt-e»l(iUB:<v^®tt* 

ftftfc«)X-fo5o 

&#»u, w<nmm> mztDwm&um-tz*- (H20) » 

SUfiM V NOS§ft?£tt&ft-t£-tf & - i* 5 

y-^tO-^a* (NO) #!ft*U 02^J;o-C@t-(kS^ 
-C, (NO2) irftSo 

t*=MMAX (NO2)' £?£ttKI^«i^* w **® 
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BILka^fcJ^fc. *36WtJ:Jx«. SHMMbWRt* 
itftlftfcft 5 * *» b»«fflflH4K*«lt «: 

J; o -C. 5H£f6ffl * *vcv * fiiWMSB JKMMHM® 
ttfig £ ft -h-t" 5 «•» rf s *> 5 » * ^ (4 . JIM 

14 . m9HM<Oi&£. (c J; o t (4S02 1 00% tc1- 

20 m^mmm^m±^&m^nrz5Q2it, 

m j: 9 B§(k $ n x S03 i: ft 9 , $ e> t r. n * s ^ ^ -f <o 

rttfta. -rftfc>*>. fiwuswkft*^ - *"**^^* 4 

i|-C*fcofc*^^^»Bit^(bti (SOx) co^ffi*5ppm 
r. <fc 5 «:*|SWroJttB6Rrti:ffl»*!iaSttlft*aMS». 

laffi^fffi^fttftifl 

m 1 (4, ttJRJ-iSS*®^®^^ aohibski^* 



^0 2 (4, K}a»aiWroJSttK*«ttfc 

w 3 (4- f y 9-^m\±mmmM<r>mmmmm t jsimm 

0 4(4, ^!l7?yoi|-!i* (PAN) ^M? 
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men, SSftfkft^ffittKS^^^K^PiBooBa 

ia 8 ^yr^yp^hy^ (pan) Tkmrnumn 
m 9 f±, *%9i (c« s mmmmmcomm^m^ 

mmx$>z> 0 

H13fi, -IMbSt* (S02) ^H»ft«« (SOa) -co 
HHtt, *38 fc« 3 SWIMS* v- * x A com 2 co 

^^^^li1-6fc^co*aco^flg 
^Mitf'J 1 

( roG-20Aj . *ES»f*^tt«) &fflv\ rft£ 
^^#E0ri^4OO~14OOrco^t5l2HT* 1 WIBtt*-*-* 

Jttfi&EJSfct* S02l00ppm, 0 2 5vol%, tK^10voI%^^ 

«E«aasB*r/Hv\ »tt^ai«jfsafl:^fct»i.og - mm/ 

9(36 U S02«**4:||fflLfc. HlKSJS:BHM15i$ni« 
co^m$r(l3tC7^-r o 
HI 3 {c^i-J: ? IK^?aKr^-ecof£^5^^ 0 

T\ IRMsaraBCAseOO— 1 200°C^#S) i 
L , tt S.K *s T /HliKfc*Q£B b ffittK Sf«fcNfe Srffl v \ 
-^-fbfi^M (S02) &tf=®tffc;«tf| (SOa) <Z>HMbtt4Ktt 
Sri**, fllicoCO. (X)2*cQ*ff^f^<olK»*:3t«t-i'lcA! ! gi 

(S»flEtf>riMb«t» (SO2) 2fct*=»fbi« 
jgt (SOa) «>**is^riBi:/j!-5*J: ? tc Lfc c 



(5) ^f-f-Fm 3 2 7 2 3 6 6^ 

JO 

itmm 1 

HJKHi <t^(D^rfe-r-)lftl3£ix/etcfflv>, S0 2 
»**Sr»aiLfc 0 S02|«**tt20%^ttv^ 

Hit 0*2 

ttKXIRtli ( rFE-300j , I^u-ayM^fft 

«rfflv\ nmmi tmm^mxnmm^m^. .-tft*' 

*m m tc *s ^ r fRaoaaflreoo- 1 200°c aswsbi 

w t& l , nmm icis^x ?mm l ^stt^xuRiii sr ^ ^ 

r-^fbf^M (S02) , E.mtmn (so 3 ) ^r^^r'#^ 

ftHM 3 

-to 

17f±ffi^&t/18tti*i^Sltt«^tt^*>?r0^-r-5o 
0 e>tc, 2K-f 7l1^b»fflSft/t»^ 

^^s^co, mmmtw (nox) A^mcttifefi:* (sox) & 
*<so«, i*fliftKaEa£iKi8(cw^ft % ttsi^ic^n 

$ ft fc 600 ~ 1 200^ co jjaffiteEH ^ X SS^S $r IB L fc fStt 
TE-fb*sica: (a) RXf (b) 

50 ic^-rEJSjosffiinsft, mtfx<p<offinmkto (sox) 

(a) S02 +1/202-S03 

(b) S0 3 +H 2 0 -*H 2 S04 

TIE , * Hjft co || fH co timiktiF & ^1% 

a) tfX0ktt ?a^:50°C 

tI^:100%R.H. 
S0xco^ffi:120ppm 
tfcl;:50iTi 3 /h 

b) kkjs mvmmmm og-2oa 

««Eft:0. 5kg 

c ) Jtt«tf£#;* S0xco^S :5ppm 

ftjs, r<z)«tftseft» (sox) ^i^co^tc Jits 
i*^it«tK«i8rtt-*3v^-c, *^ftt>9 ^mtt-j- h v 

V2±^<n7km&XIxfc£-£Z>^t\ l cl: v) , Kl»60^^9 
50 SIB»A Lt»fc tr^^*«*SRi«Sr»7c#lffl*a)*fl= 



-5- 



(6) 

11 

x m% b x te%> t) (o x h z> o 

*nm<Dj\mMx&. y^mmm^t lt v 
M%K®m&£tm(D * v^&is&mmmm roG-20 

# n Jiiu cd jt£ is w r- a m ^ „ 

7 ^ i| p n h U /l/ (PAN) ^^Srttffl bfc 

»£"Ct>* ±Ki:l3fl«c»^.^*«)*««Efbft (SOx) 70 

mmm 4 

bT, • ^aMfc^#e^ 
b T m & f :v ^ b"C#fc tf s> ^ * iSttK*« 
iffi (^IRK»r»^-J±K rOG-5Aj (iffin p q*) ) ^ > * 

yr^!/B=hy /u$$t&#£/* b-cgtffc; b 
-c#e>fts# yr^y^h y ^ (pan) ^m±mmm 

m \s- 3 v«:*^tURtf> rFE-300j (jSi& 
*) ) ^^#nmT4OO-14OO°C-ei0#r^^ 

»fcffitt£Wlfebfco 

Vd&h ttMSUtl^^t 0 yf^, PAN^ 

N0=380ppm, 02=4. 0vol%. H20 = 2. 5vol%, N2^7> 
**>b£:5#*£:W/F=1. 0x10" 2 g min/ml-e^il^-tt 

/"Co 

NO(0»te t ^(c^rO^H^ic J: 0 ffl a ft 5N0x«iS 
fiSclOppmgffi-e*)^ (B6#!B) . 
NOz^ffiEifiKi^ WP^*3»t^N02«ffi/j51tA0L, 35 

b*>U NOCONO2— os^ft:^^^^^^^^ 
f^i»xw°yr^ v *~ b v & (pan) ^ 

Sft*&SiEiS35 s 600'-1000 < C^*«Ji:*'J^ b 

M:Wij2, 3 

ffi*tt18%-C, PAN*K*«m^o^-CtfR«!!ffi* b 



4$ff IS 3 2 7 2 3 6 6f 

72 

5 

m^tcmmitmL^^^xn^t^M^^ir 0 

*^lfii^^fl8-C«> N0gftffc!xfSSS42tt, _Li£bfc»fl5 
tfra^itAft^^^^ftSMtflift (NOx) (Dl^^icilffi 

1% 

g^x^co^ig^^ (NOx) &u5«tSiK{k;«5 (sox) & 
$ ttjt 600 — 1 ooo°c <o mftt&ia ^ x fR^aa % b tits 

r±mmwmttmk{,x. mm (c) ^t>* u) tc^-rix 

iot, a*BMfcft.(N0x) «S*S400ppmcoS^^ 
& , t£« i P*tc«lffl3S»52JttJ6tt«aSB56lc iotfe 
S bfcft<ON0xftS36S40ppm<O»^, ±fai«l^Sllttffi^fi 
58^J#V^T^-r^^^X% W^^ + wSfBK-fctti (NO 
x) co«J$«r1ppmWTt-(Efc«i"Sw t*«tf*fc« 

rta^, *iij»eii(o*iBffi<oteai*fl=s:^'t-« 

a) ^f^*fl= ?affi:50t: 

?Eit:60%R. H. (ffi5EtTlS) 

N0x(D^/^:40ppm 

ijftft:50m 3 /h 

b) mmm. ft&mmmm og-ba 

MKfl::8kg 

c) BM8«#^ N0xco«K:1ppm 

(NOx) ± 
l^i«^J^l!ftfiH3Stt58rt^ciov^■c, tK^«^9 ic*»ft;^ 
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{*X*mi& l>XteZ>t><DX3bZ> 0 

*KKWI**^±»cQlf y^*ffitt«*«ffl T0G-5Aj 

m&&) &m\i\ 5i7c#iffl^T-e^j85o°c-c* i temm 
x^yn-hy/u (pan) *«*awii(D>b«>fr*EfliLfc 

»^-Ct, JiEil^fl«c#^itrw«5|5«<bft (NOx) 
to ftJS * 1 ppm{j£ Tl£{£ J#f 6 d t X* £ fc. 

mam i 

64tt»fb«f. 65tt5««elK&tK66tt«liilt#S:# 

63"e#* ififfi £90°CSJES* L , L cofli 

#S««:80%EJIT* #*L<f460%J£rF£ U 
*&fWb#64rtfc:W< 0 
CfiOiMb«64rtJc:tt, =vMr*- htt£ LfcllMMlStt 
HOfr^oaHfcBKb* (NO 
x) £g£fbLT-®Hb^f!f (N0 2 ) , jEKft-SE* (N 

2O5) i:i (±na r c j ) , ftv^-e, w»*65rtr--» 
fbSiS (NO2) , 3EKMb-** (N2O5) ^t'ttoi^ 
****EJ&S*T, 5B»^*L (±12 ( d ) ) , » 
#**0>**»{b» (NOx) £l&5fe-f6 J: ?(CLTV> 

£fc, — *±ElB»#65rt«c*sv>x, TfccofU:? 9 ic* 
mt1- b y *A*0*Btt-CRjS$-&sr £MJ; 0, m 

LTlHlllX-r^r £ txzz> 0 
*<B«, ±Efc*BMbW.(N0x) tflta&Stufcfttf* 

{b^ (sox) «:iMbuxH»{b«Jt (soa) a (±ia 

(a) ) . Rv^-e, *tsics : e:r«»t it 

(b) ) , ^*iWb^ (NOx) *s»**ixi/i:#^^*fiO 
MtltiMktt (SOx) &»*-#-5J:3JcU-CV^6. 

• #*fc-?63J£i|§^*L, ttJjR**LTJi 

. ^^oo^«100°CJ^T, b < H50°CJ^ 

r<z>«tji»{b» (sox). ©i»*<0»^*>* ±e**«s 

ik'ty (NOx) «>|»*tra«tc:, ±eK»J»66rtlc:fci^ 
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W%(D*ki*Xffil& LrXteZhcDXhZ , SSBe-fbife 

(NOx) «!s3ffifflco»&tctt., #j850°CT— PSMtt/SLfct 
</>&fflif\ — *<0«j»|*.fb* (SOx) ^fflcoif^lc 

Hi2tt, -mtmm^>-mit^.m (no 2 ) — coee-fbtt 
*fc, mzfr-mteWM (so 2 ) w=«.fb«t« (so 3 ) 

20 H14^i-J:5*c, ^^71^<DttjptcfiM^^72 
^ISft»i»H^S72co|±Sq(c^T'^73^n^gL, » 

*HJ»cOJB««-Ctt, «*«)JiftiBaSK72H < toTKliB 

ttXtt^fbtt (NOx) io«ft«i3i&t^jKHBMb»tfD|Sfe5feft- 
: 'fT-3 ^c0"C^6 o 

HH4lc^i~J: ^ tc, BiTJ3.^ffl(c. < t5JKfiH3iS6K72Jcj:o 
TM^Srtf ofc«, ±E3S» : T'}R«734r3iia Lfc«N 
30 ^fi, *»B74-C«lB$*Lfe«, ■ #*fc— *75 
^(c^^90 o ca^^"C{fi;^cUT, fR 1 (DmMWft 

J:0, #^*<Z)»l3«)a*ii-fb» (NOx) $r^bL, 
Jfc^-C, W»*77-t?-»fb** (NO2) , 2C»fb— 

(N2O5) Sr$«"«-S»^S:*i:RJCS-«:-C, ^1^^^ 
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